Background {#Sec1}
==========

Almost 1.5 million new cases of cancer are diagnosed annually in the USA \[[@CR1]\]. Weight loss is commonly observed in several types of cancer, and poor nutritional status has been associated with decreased survival \[[@CR2]\] and poorer quality of life \[[@CR3]\] in the cancer population. Several factors can negatively impact nutritional status and lead to weight loss, including appetite changes, inflammation \[[@CR4]--[@CR6]\], and hypermetabolism \[[@CR7]\].

Certain parameters, such as weight change and serum albumin levels, are commonly used as part of nutritional assessments in this setting and have been shown to predict survival \[[@CR8]\]. Activation of proinflammatory cytokines, such as interleukin (IL)-6 and tumor necrosis factor alpha (TNF-α), are also thought to decrease appetite, increase muscle wasting, decrease food intake, and contribute to a hypermetabolic state \[[@CR9]--[@CR13]\] in the setting of cancer. Hence, they also are being proposed as prognostic indicators.

Cancer cachexia is a metabolic syndrome that results in overall weight, fat, and muscle loss. Poor appetite, inflammation, insulin resistance, and protein catabolism are associated with this syndrome \[[@CR14]\]. Cachexia is very prevalent in cancer patients occurring in over 80 % of gastric, pancreatic, and esophageal cancer, 70 % of head and neck cancer, and approximately 60 % of lung, colorectal, and prostate cancer \[[@CR15]\]. Previously, cachexia was defined as a body mass index (BMI) of \<20 and/or an unintentional weight loss of ≥5 % in the previous 6 months \[[@CR2]\] in the setting of underlying disease, such as cancer. A more recent definition has been proposed, which would incorporate the ≥5 % weight loss over 12 months or less plus three of the following: decreased muscle strength, BMI of \<20, fatigue, anorexia, low fat-free mass index, and abnormal biochemistry (increased inflammatory markers such as CRP or IL-6, anemia (hemoglobin of \<12 g/dL), or low serum albumin of \<3.2 g/dL) \[[@CR16]\]. However, this definition has not been fully validated in a clinical setting.

Low testosterone levels are commonly seen in cancer patients \[[@CR17]\] and are associated with decrease muscle mass, fatigue, increased inflammation, and poor quality of life in other settings. However, whether testosterone levels are associated with decreased survival in the setting of cancer is not known.

The specific aim of this research was to investigate the role of traditional nutritional markers, such as appetite, serum albumin, and weight loss, and newer inflammatory markers and hormones in cancer survival. Given the new proposed diagnosis of cachexia, this study additionally aimed to examine these biochemical markers in the new definition of cachexia for their impact on survival. This study tested the hypothesis that survival in male cancer patients is predicted by nutritional status (weight change percent, serum albumin, hemoglobin, and perception of appetite), hormones, and inflammatory markers.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

All study protocols and procedures were reviewed and approved by the Baylor College of Medicine Institutional Review Board and Michael E. DeBakey VAMC Research and Development Committee for Protection of Human Subjects. This study was a cross-sectional design at recruitment, with a retrospective follow-up component gathered from the electronic medical records. Upon recruitment, blood draws and other data were gathered. At two follow-up time points, the electronic medical record was used to retrospectively gather additional data on weight and survival. Protocols, laboratory assay procedures, and participants for a subset of this cohort have been described earlier \[[@CR9]\]. Participants were included if they were adult males with cancer. Women were not included in this study due to the small percentage of females in this population (i.e., veterans with cancer). All cancer diagnoses other than nonmelanomatous skin cancer and all stages were included. Exclusion criteria were identified due to their potential influences on body weight, nutritional intake, or metabolic rate: physician-recorded diagnosis of formally evaluated dysphagia (by speech pathologists), illicit drug or alcohol abuse, congestive heart failure, abnormal liver function, severe chronic obstructive pulmonary disease, uncontrolled diabetes (fasting glucose levels of \>140 mg/dL or random glucose levels of \>200 mg/dL), thyroid disease, kidney disease, active infection, history of neuroendocrine tumor, diagnosed eating disorders, or use of orexigenic agents (e.g., glucocorticoids, progesterone, testosterone, and antiandrogens). Subjects were recruited between September 2003 and October 2009 from the MEDVAMC Cancer Center outpatient clinic. Human subjects\' approval allowed researchers to use the electronic medical chart to review and gather weight and survival data for an extended period before and after baseline enrollment measures were taken. All survival data were collected until August 2010 or until death, whichever occurred first. Subjects were followed for a maximum of 1,500 days.

Variables {#Sec4}
---------

The following variables were measured at baseline: demographic and other data regarding type of cancer and cachexia diagnosis, cancer stage, weight history, serum albumin, hemoglobin, TNF-α, IL-6, bioavailable testosterone, and visual analogue scale (VAS) for appetite questionnaire results. The VAS questions were adapted from the Edmonton Symptom Assessment System to focus more on appetite and food intake (available in [Supplemental Material](#MOESM1){ref-type="media"}), which has been shown to be reliable in the cancer population \[[@CR18]--[@CR20]\]. The VAS consisted of eight questions about appetite and nausea/vomiting. Nausea and vomiting are common issues affecting food intake for cancer patients. Subjects indicated a number from zero to nine (zero equating a less favorable or "decreased" response to the appetite question) for six of the questions. The scale was reversed (zero equating a more favorable response) for one question that asked: "How much nausea have you had on average over the previous week?" The last question asked patients to categorically choose: "How many times have you vomited over the past week?"

Typically before and after study enrollment, these subjects were seen quarterly as part of their medical or oncology care. Weights were followed for a maximum of 18 months after study enrollment via medical chart review. This follow-up time interval was selected to minimize missing weight data. Weights were recorded every 3 months during 18 months of follow-up. Weight change percent was calculated using patient\'s body weight at enrollment (baseline) and 18 months postenrollment (follow-up). If the subject died before the 18 months, the last weight recorded was used to calculate the percent of weight change. The Social Security Death Index \[[@CR21]\] and medical record were used to enter date of death, current to the day that statistical analyses were performed (approximately 4.5 years after recruitment).

Statistics {#Sec5}
----------

All statistical analyses were performed using SPSS software (SPSS 12.0, 2004; Somers, New York). Statistical significance was assigned to each comparison for *P* \< 0.05, and appropriate post hoc tests were used when needed during analyses of variance. It was anticipated that cancer stage may be highly associated with survival. The primary design of this study was to apply the stepwise SPSS Cox Proportional Hazards Regression procedure (PHREG) to determine which variables, in addition to cancer stage, were significant predictors of mortality.

Results {#Sec6}
=======

One hundred thirty-six men were included in the analysis. Cancer diagnoses included: 38 lung (11 small cell carcinoma and 27 non-small cell carcinoma), 28 colorectal, 14 prostate, 11 head and neck, seven adenocarcinoma of unknown origin, seven lymphomas, five squamous cell cancers of unknown origin, four leukemias, three renal cancers, three melanomas, three sarcomas, three liver cancers, two bladder and one subject each representative of: thyroid, multiple myeloma, ampulloma, brain, intestinal, appendix, basal cell, fibrosarcoma, chondrosarcoma, and male breast cancers.

Descriptive statistics {#Sec7}
----------------------

Descriptive statistics, categorized by cancer stage, are summarized in Table [1](#Tab1){ref-type="table"}. Twelve stage I patients survived (71 %), along with 17 stage II (65 %), 21 stage III (62 %) and 11 stage IV patients (23 %). There was a significant difference when comparing cancer stages II and III in age (*P* = 0.02), but no difference between races (Caucasian vs. all others *P* = 0.059). Mean (SD) concentration of bioavailable testosterone, cytokines and other variables are displayed in Table [2](#Tab2){ref-type="table"}. VAS questions which were not significant are not shown.Table 1Descriptive statistics by cancer stageCancer stageIIIIIIIV*n* = 17*n* = 26*n* = 34*n* = 48Age (mean, range)66 (54--83)68 (44--85)^a^62 (50--73)^a^65 (42--92)Race^b^ Caucasian (%)13 (76)14 (54)29 (85)34 (71) African-American49312 Hispanic0221 Asian0101Baseline weight (kg; mean, range)89.1 (56.8--112.3)82.7 (60.5--106.4)86.4 (49.1--115)81.8 (41.8--121.8)Weight loss of ≥5 % in previous 6 months (%)^c^2 (12)5 (19)4 (12)15 (31)Deaths recorded (%)5 (29)9 (35)13 (38)37 (77)^a^Significantly different between cancer stages II and III at α = 0.05 (ANOVA with Tukey\'s b post hoc test)^b^Missing values for cancer stage were noted for one African-American subject and ten white subjects^c^Equivalent to the percentage of individuals with cachexia according to the traditional definition of cachexia (\>5 % weight loss)Table 2Descriptive statistics for all variablesVariableNumberMean (SD)RangeSurvival (days)136986 (561)5--1,500Baseline serum albumin (g/dL)1303.50 (0.55)1.5--4.7Baseline hemoglobin (g/dL)12912.5 (1.88)7.4--16.2TNF-α (pg/mL)1274.58 (6.21)0.00--58.5IL-6 (pg/mL)1279.55 (18.6)0.18--130.6Bioavailable testosterone (ng/dL)11260.2 (52.0)0.29--311VAS 5 (score)^a^1345.3 (2.9)0--10Weight change (%)^b^134−4.56 (11.1)−29.9 to 21.9^a^VAS 5 is a question from a visual analogue scale questionnaire for appetite (see Supplemental Materials). The VAS 5 question: "How would you rate/describe your appetite?" is rated on self-report on a scale of 0 "decreased" to 9 "increased"^b^Weight change percent was calculated in kilogram changed from baseline up to 18 months postenrollment, divided by baseline weight. The range of weight change was 24 kg lost to 16.5 kg gained. If the subject died before the 18 months, the last weight recorded was used to calculate weight change percent. Weights were recorded every 3 months for 18 months. A survival time of 1,500 represents the subject surviving until the end of the study period (e.g., maximum survival)

Survival analysis and ANOVA {#Sec8}
---------------------------

The effect of cancer stage on survival was based on the SPSS Kaplan Meier analysis and revealed that cancer stage IV survival (median survival = 370 days) was significantly different from cancer stages I, II, and III (899, 859 and 739 days respectively, *P* \< 0.0005). Therefore, all subsequent analyses controlled for the effect of cancer stage. Additionally, other analyses determined variables associated with cancer stage, and a one-way ANOVA was performed for each variable by cancer stage. The only significant result (*F* = 3.49, df = 3, *n* = 123; *P* = 0.02) found during the global ANOVA and post hoc *t* testing was that weight loss percent in the previous 6 months before baseline was significantly different between cancer stages II (mean weight gain of 5.4 %) and IV (mean weight loss of −1.1 %). All other variables (serum albumin, appetite score, hemoglobin, testosterone, or inflammatory markers) did not significantly differ by cancer stage.

Hazards analysis {#Sec9}
----------------

A Cox regression model was subsequently analyzed for each of the variables, where each model would also account for the effect of cancer stage. The results showed that weight change percent, serum albumin, hemoglobin, TNF-α, and IL-6 were significantly associated with mortality (Fig. [1](#Fig1){ref-type="fig"}). The hazard of mortality was significantly greater with greater weight loss from baseline to follow-up, low serum albumin, low hemoglobin, and high TNF-α and IL-6. Hazard ratios for bioavailable testosterone, appetite scores, and age were not statistically significant.Fig. 1Cox proportional hazard regression models including the effects of different variables on survival accounting for cancer stage. \**P* \< 0.05. All variables were assessed at baseline. Weight change ("baseline to F/U") was measured from baseline to 18 months follow-up. Weight change ("6 months prior to baseline") was measured from 6 months prior to baseline. Appetite is measured using a visual analogue scale question: "How would you rate/describe your appetite?" and is rated on self-report on a scale of 0 to 9 ([Supplemental Materials](#MOESM1){ref-type="media"})

To determine which combination of variables predicted survival jointly and independently of cancer stage, the preceding significant results were entered in a stepwise Cox proportional hazard regression analysis. The cancer stage variable was forced into the model at step one to account for its role in mortality. Then, the five additional variables affecting the greatest additional changes (serum albumin, weight change percent, IL-6, TNF-α, and hemoglobin) were entered in a stepwise manner until no further significant improvement could be attained. This stepwise Cox proportional hazard regression showed that the variables having the greatest prediction of survival were weight change percent and serum albumin (Table [3](#Tab3){ref-type="table"}; *P* = 0.002 and 0.001, respectively). Greater mortality was associated with greater weight loss and lower serum albumin. In this model, hemoglobin, IL-6, and TNF-α did not remain significant predictors of survival when cancer stage, weight loss from baseline to follow-up and serum albumin were also considered. Due to the greater number of stage IV patients, the same Cox proportional hazard regression was performed on this subset of subjects (data not shown). The results did not differ from those described above.Table 3Cox proportional hazards stepwise regression analysis results for independently significant variablesVariableNumberdfParameter estimateSEE*P* valueHazard ratio95 % CICancer stage^a^12510.6340.175\<0.00051.891.338--2.657Serum albumin (g/dL)1301−0.5880.2930.0450.5560.313--0.986Weight change (%)1341−0.0350.0120.0020.9650.944--0.988IL-6 (pg/mL)12710.0030.0070.6351.000.990--1.016TNF-α (pg/mL)12710.0300.0230.2041.030.984--1.078Hemoglobin (g/dL)1291−0.0650.0880.4630.9370.788--1.115^a^Cancer stage was forced into the stepwise analysis. Subsequent variables\' *P* values represent their significance above and beyond the effect of cancer stage in step one of the Cox proportional hazard regression model. Only three of these variables remained significant after stepwise analysis (cancer stage, *P* \< 0.0005; serum albumin, *P* = 0.001; and weight change, *P* = 0.002)

Discussion {#Sec10}
==========

Cachexia and poor nutritional status are associated with worsened prognosis in many chronic conditions including cancer \[[@CR22], [@CR23]\]. However, they often remain undiagnosed and untreated in spite of the significant burden that they represent to cancer patients. In this population, nutritional risk factors traditionally associated with greater mortality include weight loss, serum albumin, and anorexia \[[@CR24]\]. More recently, proinflammatory cytokines \[[@CR6], [@CR9]\] and other hormonal factors, including testosterone levels \[[@CR17], [@CR25]\], have been postulated to play a role in the development of cachexia, although their prognostic value has not been fully established. This study aimed at establishing the relationship between survival and these collective factors in a group of male cancer patients.

The hypothesis that nutritionally related variables predict survival was supported by the results. As expected, cancer stage was the strongest predictor of survival. However, weight loss from baseline to 18-month follow-up and low serum albumin predicted decreased survival above and beyond the effect of cancer stage. This is in agreement with previous reports of a loss of \>8.1 kg of body weight and serum albumin levels of \<3.5 mg/dL were associated with shorter survival in terminally ill patients \[[@CR8]\], and that lean body mass loss was associated with declining serum albumin, and that low serum albumin predicted mortality \[[@CR26]\] in geriatric cancer patients. While loss of lean body mass measured by total body potassium is the ultimate indicator of cachexia progression, this is not a clinically available test (there are only four sites in the USA that have the capability to measure total body potassium, and none of them offers this test for clinical purposes). Based on this, we sought to establish the predictive value and relative contribution of a battery of tests (most of them are inexpensive and already clinically available) on mortality. Simons et al. \[[@CR27]\] found that lower levels of serum albumin, testosterone, and IGF-1 were associated with a greater weight loss (≥10 %) in a sample of lung cancer patients. Our data suggest that these markers are associated with poor survival not only in terminally ill subjects, but also in nonterminally ill patients with earlier stages of disease. We are not aware of any other study of this nature performed in nonterminal patients.

The role of inflammatory markers in cancer patients has been investigated before \[[@CR9], [@CR27], [@CR28]\]. However, whether these markers significantly add to the more traditional markers of survival discussed before is still controversial. In a study of 39 cachectic and noncachectic subjects with stage IV upper gastrointestinal cancers, Dulger et al. \[[@CR29]\] found elevated levels of TNF-α, IL-1β, and IL-6 in cancer patients when compared to healthy controls. Also, elevated IL-6 and lower serum albumin and transthyretin levels predicted mortality in a geriatric population with cancer cachexia \[[@CR30]\]. To the contrary, a study of lung cancer patients undergoing chemotherapy \[[@CR28]\] found no significant difference in IL-6 between cancer patients and healthy controls. This same study also found no differences between patient/disease characteristics and TNF-α and C-reactive protein, and that these variables were similar in subjects independent from severity of weight loss. In our study, the inflammatory markers, IL-6 and TNF-α, independently predicted the survival beyond the effect of cancer stage. However, when they were considered alongside serum albumin and weight loss, their significance dwindled. Taken together, the data suggest that even though inflammatory markers predict survival in the cancer population, they may not necessarily provide more information to the clinician when other more readily accessible markers, such as cancer stage, serum albumin, and weight loss, are considered.

A new definition of cachexia has been recently proposed that includes not only the traditional markers of weight loss and anorexia, but also increased inflammatory markers and low serum albumin and hemoglobin, among other factors \[[@CR16]\]. Our results support the use of serum albumin along with weight loss in predicting survival in the setting of cancer, but suggest that inflammatory markers may not necessarily improve our ability to predict survival in this population when cancer staging, serum albumin, and weight loss history are available.

Other factors of interest evaluated here included appetite and the anabolic hormone testosterone. Cancer patients who develop anorexia have decreased energy intake \[[@CR31]\], and a review of 22 studies by Homsi and Luong \[[@CR14]\] found that anorexia is a symptom commonly associated with decreased survival. The prevalence of hypogonadism in male patients with cancer ranges from 40 to 90 % \[[@CR17], [@CR32]\], and there is a well-developed body of knowledge suggesting that, in hypogonadal men without cancer, testosterone replacement improves lean body mass, muscle strength, libido, mood, sexual dysfunction, and appetite. This has led to the hypothesis that low testosterone levels contribute to the development of these symptoms in the setting of cancer and ultimately lead to poor outcomes. Recently, low testosterone levels were associated with decreased survival in one study \[[@CR33]\], but not in another \[[@CR34]\]. In this study, neither appetite scores nor bioavailable testosterone were significant predictors of survival (*P* = 0.06 and 0.08, respectively). Since there are many other factors that could contribute to the development of anorexia or low testosterone levels (i.e., depression, chemotherapy side effects, opioid use, etc.), it may be that a larger sample would establish their significance.

There were several strengths to this study. Although most of the factors examined in this study have been individually investigated as predictors of survival before, most reports do not take into account their interaction. Given that there is an association between these markers in most cases, the fact that our study included all the significant markers in the final predictive model is the strength of the study. Also, most other studies, looking at these variables, have been limited to subjects with a life expectancy of 6 months or less. The fact that this study included nonterminally ill patients indicates that assessing these variables is also useful in the nonterminal cancer population. The homogeneity of the male sample reduces some variability. Also, the extended length of time was given to follow up maximized survival data in the statistical analysis.

There were also limitations to this study. It was not focused to one type or stage of cancer, and it was a relatively small sample size. Multiple cytokines have been associated with inflammation and cachexia; however, this study looked at IL-6 and TNF-α. Other cytokines or markers of inflammation, such as C-reactive protein, could possibly add more information to the results. It was homogenously male, and results may not be relevant in a female sample. Women were excluded from this study because of the small number of females in this population; the population of women in the Veterans Medical Center, where this study was conducted, is approximately 3 %. We also had a relatively large number of stage IV subjects. However, this sample is representative of our VA population where men, smokers, the elderly, and minority populations are overrepresented, which could explain this. The heterogeneity of our sample due to the variable nature of the disease and different diagnoses is a limitation to our study. This issue potentially could decrease the power of the study, and that is the ability to detect a true difference (i.e., that these factors predict survival according to the a priori hypothesis, but we failed to show this). However, the fact that weight loss, serum albumin, cytokines, and hemoglobin did predict survival, in spite of the heterogeneity of the sample, suggests that this study is adequately powered. The variability introduced in the model by the fluctuating course of the disease is partially accounted for by the large follow-up period (4.5 years).

This study stimulates ideas for future hypotheses. Our data suggest that simple and inexpensive testing may be helpful to assess an oncology patient\'s long-term risk of mortality. Calculations of body weight change and measuring serum albumin may give the clinician a more accurate picture of patient\'s prognosis without the need for more expensive laboratory testing, such as cytokine or hormone measurements. Further studies in a larger cohort of patients would be needed in order to confirm these findings and to determine if preventing weight loss in this population improves survival. Future research should investigate the impact of nutritional interventions (including counseling by trained dietitians, behavioral therapy, orexigenic agents, and nutritional supplements) along with other promising interventions, such as anabolic agents, resistance training, and anti-inflammatory agents (or a combination of them) on weight loss, serum albumin, survival, quality of life, and treatment tolerance.
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